Purpose. To evaluate the extent of femoral tunnel widening after quadrupled hamstring anterior cruciate ligament reconstruction using femoral cross pin fixation in contrast to bioabsorbable screw fixation augmented with Endopearl. Methods. 16 patients underwent cross pin femoral fixation and the next 15 underwent bioabsorbable screw fixation augmented with Endopearl. The patients were evaluated radiographically for femoral tunnel widening. Standard posteroanterior radiographs of the knee in full extension were taken at postoperative year 2 and 5. The tunnel width was measured at the opening, the widest and the most proximal parts of the femoral tunnel. Results. In the femoral cross pin and bioabsorbable screw fixations, the mean femoral tunnel sizes were 7.6 and 8.0 mm, respectively. The overall mean tunnel widening at all measured sites were 2.7 and 1.8 mm at the 2-year follow-up and were 2.5 and 1.8 mm at the 5-year follow-up, respectively. The femoral tunnel widening was greater in the cross pin than the bioabsorbable screw group, but only the difference in the most proximal part was significant (p=0.01 at year 2 and p<0.001 at year 5). Surgery 2010;18(2):198-202 Conclusion. Femoral tunnel widening was greater in femoral cross pin fixation, probably related to the windshield-wiper and bungee-cord effects. It usually occurred in the first 2 years after the operation and remained static thereafter.
INTRODUCTION
Femoral tunnel widening is a common complication of anterior cruciate ligament (ACL) reconstruction 1,2 ; such risk is higher when using hamstring grafts as opposed to patella tendon bone grafts. [3] [4] [5] [6] Mechanical explanations for the widening include the windshieldwiper and the bungee-cord effects, 4 as the grafts move inside the tunnel during knee motion. Nonetheless, a correlation between widening and knee laxity has not been demonstrated. 1, 3, 7, 8 Revision surgery for femoral tunnel widening can be complicated by decreased bone tissues for a new neighbouring tunnel, or difficulty in fixing a new graft to the original tunnel.
Metal femoral cross pin fixation has better strength and stiffness compared to other femoral fixation devices. 9 We compared the liability and severity of femoral tunnel widening in Asian patients undergoing ACL reconstruction with hamstring autografts using metal cross pin fixation versus bioabsorbable screw fixation.
MATERIALS AND METHODS
Between January 2001 and December 2003, 30 consecutive patients underwent femoral cross pin fixation (Transfix screw; Arthrex), and the next 54 patients underwent bioabsorbable screw (BioRCI) fixation augmented with Endopearl (Linvatec) for quadrupled hamstring autograft reconstruction by a single team of surgeons. 16 and 15 of the patients in the respective groups returned for radiographic evaluation at postoperative year 2 and 5.
Standard posteroanterior radiographs of the knee in full extension were taken with magnification standardised to 1.1. The radiographic technique for all views had a fixed tube to plate distance. For the posteroanterior view, the patient was prone with the knee in full extension and the tube was in 0º angulations to be perpendicular to the tibia. The initial size of the tunnel drilled was recorded.
The sclerotic margins of each tunnel were marked and measured at 3 locations: the most proximal part, the widest part, and the opening of the tunnel (Fig. 1) . The measurements were conducted by 2 independent observers at 2 separate time points. The inter-and intra-observer correlations were strong (Pearson correlation coefficient, >0.90) for each measurement. Changes in tunnel width within same patients were compared using the paired t-test, whereas independent sample t-test was used for comparison of changes in different patients. A p value of <0.05 was considered significant.
Surgical techniques
A single incision was made using an arthroscopically assisted technique. Standard portals were created, and a diagnostic arthroscopy inserted. Any meniscus or articular pathologies were addressed. Semitendinosus and gracilis tendons were harvested with a tendon stripper; both tendons were sutured on each other to form a quadrupled hamstring graft. A 7-mm Endopearl was fixed to the proximal end of the quadrupled hamstring graft when a bioabsorbable screw was used. A notchplasty was then performed if indicated, and the posterior cortex was identified. A tibial guide pin was placed in the posterior aspect of the ACL footprint and drilled to the size of the graft. A femoral offset guide was placed with a transtibial technique aiming at the 2 or 10 o' clock region, and a femoral guide pin was passed. The femoral and tibial tunnels were prepared with reference to the size of the graft. The femoral tunnel was drilled to a length of 35 mm, and the tibial tunnel length varied from patient to patient. Femoral fixation was performed with the Transfix or the bioabsorbable screws, and tibial fixation with bioabsorbable intrafix (DePuy Mitek).
Rehabilitation protocol
All patients underwent an accelerated rehabilitation programme emphasising early motion and weight bearing as tolerated. The first phase (for 2 weeks) was directed to improve full extension, soft-tissue healing, adequate quadriceps leg control, swelling, and normal gait. Extension exercises were initiated immediately to minimise any infrapatellar contracture, with the goal to attain equal hyperextension as in the normal knee. Quadriceps control was initiated with exercises that emphasised active contractions. Gait-training activities involved heel-toe walking and high-knee activities to help restore normal gait. The second phase was directed to restore full range of motion and progression of strengthening exercises. The third phase emphasised advanced strengthening and the initiation of functional activities. When 70% of the strength was restored, a proprioceptive and light agility programme began. The final phase involved progression of strengthening exercises and sport-specific drills with full return of activity. Strength and conditioning was adjusted according to the patient's specific needs, as was integrated functional progression.
RESULTS
There was no significant difference with regard to patient age, weight, and height between the 2 groups ( Table 1) . At the 2-year follow-up, the overall mean femoral tunnel size of all measured sites increased by 2.7 mm (33%, p<0.001) and 1.8 mm (23%, p<0.001) in the cross pin and the bioabsorbable screw groups, respectively ( Table 2) . At the 5-year follow-up, the corresponding overall means increased by 2.5 mm (32%, p<0.001) and 1.8 mm (23%, p=0.003) [ Table  2 ]. There was no significant change in tunnel size in either group from the 2-to 5-year follow-up (Table 2) .
At both the 2-and 5-year follow-up, the femoral tunnel widening in all measured areas was greater in the cross pin than the bioabsorbable screw group. However, only the difference in the most proximal part was significant (p=0.01 at year 2 and p<0.001 at year 5, Table 2 ).
In the respective cross pin and bioabsorbable screw groups, 4 different types of tunnel morphology 10 were noted: linear (n=8+7), cavitary (n=4+1), mushroom (n=1+0), and cone (n=3+7) [Fig. 2] . Because of the small subgroup sizes, analysis on different types of tunnel morphology was not performed.
DISCUSSION
Widening of the femoral and tibial tunnels after ACL reconstruction is common. It was related to allograft reconstruction in which ethylene oxide was used for sterilisation. 11, 12 Biopsy of the tunnel material revealed sections of fibrotendinous materials. 12 Patella-tendon allografts resulted in greater widening than autografts. 1, 13 In a study comparing 56 autograft and 87 allograft patella-tendon grafts, 1 the latter resulted in significantly more tibial tunnel widening. In a review of 35 Achilles tendon allografts, 7 75% of the patients had at least 60% widening of their femoral tunnels.
Reconstruction using hamstring grafts also resulted in significant widening, 14, 15 as did patellatendon autografts, although not as much. [3] [4] [5] [6] In a study comparing tunnel expansion in hamstring and patella-tendon autografts, the former were fixed with an endobutton and cortical screws and resulted in significantly more widening than the latter. 4 Softtissue grafts incorporated more slowly into the bone tunnel than the patella-tendon graft. 3 The delay allows micromotion to wear away the adjacent tunnel wall during knee motion. This may explain why softtissue grafts revealed more tunnels with widening, but whether the widening continues in the long term has not been established.
The suspension type of fixation common to hamstring grafts may lead to windshield-wiper and bungee-cord effects. 4 In our study, the distance between the fixation points differed in the 2 fixation methods. The mean postoperative femoral tunnel widening was significantly greater in the cross pin than the bioabsorbable screw groups. Shortening the distance between the fixation points by flipping a bone plug of the bone-patella-tendon graft decreased the liability to tunnel widening, 16 but this was not supported by a study in which an autologous bone plug was used at the aperture for additional fixation. 17 When the fixation sites are further apart than the normal ACL (as with femoral cross pin ACL), a larger force moment develops during cycling may lead to greater bone tunnel expansion. Biosbsorable screw fixation at the tunnel outlet may decrease hamstring graft tunnel widening by creating a shorter stiffer graft. This may enhance graft incorporation, decrease graft tunnel motion, and reduce windshield-wiper the greatest widening ensues within the first 6 weeks. 19 Tunnel widening is said to progress up until 2 years, and early osteoarthritic change of the ACL reconstructed knee becomes evident at about 5 years after patella-tendon grafting. 20 There was no progressive increment of tunnel width at midto long-term follow-up. 21 Our study conformed with these observations in that tunnel widening probably became static within one to 2 year of the initial operation, there being no significant difference between the 2-and 5-year follow-up.
In our study, tunnel widening was measured on plain radiographs, which has been shown to correlate well with that of magnetic resonance imaging. 22, 23 Computed tomography have been suggested as a and bungee-cord effects. In our study, tunnel expansions were noted in the opening and appeared slightly greater in the femoral cross pin group, probably because of the small sample size. In addition, a significantly greater increase in tunnel size at the most proximal site was noted, which may be related to the use of the Endopearl in the bioabsorbable screw group, which limited the biological effect of the graft on tunnel expansion. Other factors including the femoral tunnel positioning, degree of initial graft tensioning, and the rehabilitation regimen might also be detrimental. Longer-term studies are necessary to determine whether the changes may continue. 10 Tunnel widening usually occurs in the first 6 months, 18 and becomes stabilised within a year 10 ; more accurate tool, 19, 24 particularly the 3-dimensional one because it measures the volumetric dimensions of the tunnels, and may be the tool of choice for investigating specific types of tunnel morphology. 25 The limitation of our study was that it was retrospective, but all radiographs were read at the same time to ensure consistency and uniformity. Also, our sample size was small and may have missed exposing important difference between groups. We assumed that the initially tunnel size was equal to the size of femoral drill used, but it can be expanded by the drive-through of the rotating drill bit.
